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Abstract 
Sustainable planning and design is a mass movement for changes in the construction industry. Among many other green building 
rating systems, the USGBC's LEED has been gaining momentum throughout the years since its advent. With sustainable design 
and construction, people could live in a more environmentally friendly world which would ensure that our future generations to 
come would have the necessary resources to live their lives comfortably and thrive. To implement the LEED process, 
construction contractors need to modify and enhance the way they have historically planned and executed design and 
construction work. With the rising change in the way a building is built to satisfy the LEED green building intents and 
requirements, there comes added fears and negative perceptions due to the lack of knowledge from the contractors’ perspectives. 
Thus, this paper presents a comprehensive analysis of 40 surveys collected from the contractors with previous experience in 
green building projects. The main issues include increased time demand, fear of change, increased equipment costs, fear of 
auditing of construction documents and many more. By examining the main issues contractors revealed with the green building 
delivery method, this study will serve as a platform in which future researchers may continue and expand on the issues and/or 
concerns in order to make the green building delivery method more acceptable to the general contractors and subcontractors. 
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1. Introduction 
Green building is a method which is environmentally responsible, supports resource efficiency throughout the 
buildings life cycle: during design, construction, maintenance, renovation and demolition. Close cooperation of the 
design team, contractors, engineers, architects and the client throughout all the project stages is required for green 
building projects. Green building practice builds and advances upon the traditional methods of the classical building 
design method to take into consideration the economy, utility, design concerns, environment, natural surroundings, 
and comfort of the inhabitants of that building. Green buildings are designed to reduce the overall impact of the built 
environment by reducing energy consumption, resources, waste, water and other resources more efficiently. 
Although there are newly developed technologies to complement the current practices of the traditional building 
method, the above examples of the benefits green buildings provide should be sufficient enough for there to be a 
need to implement it into current and future construction projects [1]. 
 
Green building is an important topic nowadays and only once it is fully understood, may it be implemented and 
put into practice. To do so, one must measure the benefits of the costs and amount of money saved throughout the 
lifecycle of the building as well as the amount of resources saved as well to fully realize the fruits this delivery 
method invokes. The whole intent of the green building delivery method is to provide an environmentally clean and 
healthy society which would utilize less of our limited building resources as well as natural resources so as to create 
a sustainable world. Sustainable development here means meeting the needs of the present without compromising 
the ability of future generations to meet their needs [2]. Future generations will not have to worry about living in a 
time where resources might be scarce or might in turn not be available for them to thrive. Such valuable resources 
might be potable water, wood, a clean environment/healthy environment (reduced carbon emissions), etc. [3]. To 
provide this ideal future for our prospective generations, the people in charge at present with the construction and 
design processes should be taught the concept of building green. 
 
Currently, the green building construction industry is presented with issues in the various phases such as the pre-
design, design, construction, and post-occupancy phases. The issues presented below are obtained through the 
literature reviews and an interview with an experienced construction professional. The issues contractors face during 
each phase of a construction project are as follows: 
 
1) Pre-Design 
 Participating in Design Charrettes can be time intensive 
 Extensive collaboration with the design team, architects, team leader (AP) 
 The fear of documentation being auditing 
2) Design 
 Identification of specifications for credits, i.e., SS, IEQ is unfavorable 
 Climate sensitive green materials require more speculation during design when compared to their counterparts 
 Increased time/participation is required to understand the scope of the design intents 
3) Construction 
 Perceived additional risk of dealing with unknown innovations 
 More frequent construction inspections to ensure components are installed within the intent of the design team 
 Restricts the equipment and materials they can buy, more expensive than conventional equipment 
 Extra efforts to collect, store, and submit documentation 
4) Post-Occupancy 
 Contractor is tasked with providing new owner training for the equipment to be used 
 Special green cleaning products are to be used to satisfy certain intents and credits 
 
Such issues reside in the fact that general contractors and subcontractors are not too fond of accepting of the high 
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green building delivery method [4]. Whether it be the fact that this method of building requires more monetary 
assets and tends to cost more while providing more of a hassle, nonetheless there is still a perception of negativity in 
which further studies need to be performed to identify the main issues which tend to push contractors away from 
wanting to take on green building projects. Overall, there tends to be a higher association of responsibility and risk 
expected from general contractors and subcontractors when dealing with green building construction projects. Also, 
risk benefits such a competitive advantage through experience with green building projects must be in line with the 
end goal to be favorable by the general contractors and subcontractors to persuade them to pursue green building 
projects. Of course, thorough education and early planning as well as a perception of a social responsibility towards 
going green would help in the acceptance of such projects.  
2. Previous Studies 
Many works and articles have been made to portray the issues/concerns that general contractors and 
subcontractors have with the green building delivery method. Furthermore, understanding the issues contractors 
have with green building projects has just proven to gain relevance due to the ever growing demand for green 
buildings as there is a current societal desire for everything to be green and environmentally friendly. Gottfried [5] 
presents the value of life and furthermore suggests that the ability to sustain life is the second most valuable quality. 
The traditional technique in which construction personnel undergo green building projects is currently changing, he 
speaks of it as there being a tidal wave washing away inefficient standard practices and replacing them with greener 
more efficient practices and methods for construction in accordance to the LEED credit intents. As the marketplace 
advances and is educated through the extensive amounts of training programs being offered, an increased amount of 
construction professionals increase their experience in the utilization of the green building process. Also, building 
owners realize a decrease in building costs while gaining profits which makes this green building approach more 
desirable. Therefore, building owners aspire to take on these types of projects based on the government incentives 
such as $150,000 reward to building owners for achieving energy efficiency in new construction. Contractors must 
notice this trend of newfound appreciation for efficiency through construction and increase their knowledge and 
experience in integrated and sustainable design. Luo et al. [6] found that by applying economic studies in regards to 
green projects, an increased success rate of contractors’ acceptance towards green building practices was shown. 
The study applied the life cycle cost analysis method and took into consideration labor, market trends, project 
delivery systems such as design-bid-build, design-build, and CM at risk. Given the previous economic factors 
discussed, it was found that the design-build delivery system yielded the best result in terms of contractor 
satisfaction with the green building practices portrayed. Also, the study shows how benefits in lean approaches to 
building economics can impact green project goals for the contractors. 
 
An important study done by Syal et al. [7] examined the impact of each LEED-NC credit on contractors based on 
factors such as project administration, documentation, contracts and agreements, project cost, and estimation 
decisions. The study used the industry advisory group (IAG) that consists of professional contractors who have 
experience with LEED projects. These professionals were surveyed based on each LEED-NC credit such as 
Sustainable Sites (SS), Indoor Environmental Quality (IEQ), and the rest of the LEED credit categories to analyze 
which credit category presented the greatest issues with the contractors studied. Hellmund et al. [8] proposed the 
ways in which contractors could furthermore be swayed into accepting the LEED green building method regardless 
the concerns that were present. Such findings included a moral obligation towards society, more training in the 
subject of integrative design because knowledge diminishes such fears present. Furthermore, an economic benefit 
for those contractors willing to accept the LEED green building delivery system was formally tied into being an 
important reason as to why contractors should take on such projects. Doyle et al. [9] conducted a study on potential 
impacts to the project schedule when building green in regards to contractors. The study was conducted during the 
scheduling, commissioning, project closeout and post occupancy phases of a green building project identifying 
issues that might arise for the contractor. Such issues that were present were found to be an important step in the 
direction of creating an enhanced acceptance of the green building delivery method for contractors. 
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Qi et al. [10] identified factors influencing contractors to adopt green construction practices through data 
gathered from a survey they created. Furthermore, the surveys they created dealt with government regulations and 
business size as being the cause of the various contractors’ demands to take on green building projects. Therefore, a 
relationship was created in which the analyzed set of data from the surveys suggested that contractors only took on 
green building practices due to a necessity rather than a personal urge or moral obligation to benefit the 
environment. Also, a questionnaire was created to see if stakeholders’ created pressure on the contractors to take on 
green building practices in which no significant evidence was found through the data received on whether a 
relationship between the two exists. Dong et al. [11] presents qualitative and quantitative evaluation methods in 
which owners can choose contractors for future projects. It was stated that contractors with experience in LEED 
green building projects were overall more desirable and had a better competitive advantage over others through the 
experience. Since finding a suitable contractor is vital to the owner in order to get the job done correctly, these 
methods help owners complete the job on time and within the LEED credit intents when they are applied in the 
manner suggested by the study. The qualitative approach is harder than the quantitative approach although it yields 
better results for the owner when trying to select a suitable contractor.  
3. Research Objectives and Methodology 
The reviews on the existing studies provided the basis for the data collection. None of these researchers above 
broke down a project into its four phases stating issues/concerns under each phase to figure out which phase posed 
the greatest concerns for contractors. The primary objective of this study is to enhance the current green building 
construction industry by understanding which issues inhibited by contractors are the main ones therefore creating a 
platform for future researchers to be able to use data received to conduct more advanced studies. Also, it is the 
intended contribution of this paper to examine if the perceptions on issues with green building practices between the 
general contractors and subcontractors are different and if any, in what issues are more important to them. The 
authors collected data using a questionnaire and distributed to subcontractors and general contractors from October 
to December in 2013. The survey was broken down into the four main parts of a construction project discussed 
previously with main issues stated under each phase. The majority of the survey looked deeply into the main 
concerns and issues general contractors and subcontractors encounter when dealing with the green building delivery 
method. The surveys collected and the contractors studied were mostly based in Orange County with a few located 
in San Diego County. Various resources helped to provide a deeper insight into the scope of this paper and provided 
real world knowledge pertaining to the concerns and issues of the green building delivery method.  Also, through the 
previous information gathering process, relevant issues contractors face are identified pertaining which were 
included in the developed survey.   
 
Data collected through the surveys has been used to address the main issues and concerns to figure out which are 
the most profound and relevant to most general contractors and subcontractors. A scale of 1-5 was chosen with one 
being, “highly disagree” to five being, “highly agree.” It was necessary that the contractors responded the survey 
had previous experience with green building projects so as to provide valuable relevant information. To analyze and 
compare the responses between the subcontractors and general contractors’ surveys, the t-test statistical analysis was 
used to determine the effect of difference between the two means of the data collected between the two types of 
contractors. 
4. Data Analysis and Findings 
The t-statistic test was used to make an inference on the mean of the population differences between the general 
contractors and subcontractors during each of the four phases of a project with the assumption that the distribution 
of differences is approximately normal. The sample difference of the mean is the point difference of the mean. The 
average years of green building project experience for subcontractors and general contractors are 5.5 years and 8.9 
years, respectively. 
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4.1. Pre-Design Phase 
Fig. 1 compares the average values during the pre-design phase for questions Q1~Q5 of the survey between the 
subcontractors and general contractors. The result indicates that those obtained from the subcontractors had similar 
values to those obtained from the general contractors. Only one question, Q2, resulted in lower value obtained from 
the general contractors’ survey results. This variation in the values is accounted for by the matched pairs design. A 
95% confidence interval for the difference between mean values was constructed. The hypothesis to test whether the 
(μ1) obtained from the subcontractors exceeds (μ2) obtained from the general contractors data are Ho: μ1-μ2=0 and 
Ha: μ1-μ2>0. Table 1 tabulates the statistical results for Q1~Q5 of the pre-design phase questions. For all the 
obtained values from the t-score and p-values except for Q2, we are in favor of the null hypothesis because there 
wasn’t an observed significance level or p-value less than α=0.05. Since Q2 obtained a p-value less than α=0.05, we 
reject the null hypothesis for that one and we have sufficient evidence to conclude that the mean difference is greater 
than zero for Q2. As for the rest of the questions, we have sufficient evidence to conclude that the mean difference is 
equal to zero or the mean values for both types of contractors are close enough to each other to suggest they are 
about the same. Q2 states that collaboration with the design team, architects and project team leader (LEED AP) 
impedes project duration. Therefore, it is notable that no perception difference can be found for both contractor 
groups, except for the collaboration with the design teams. In other words, contractor groups have a common issue 
with the design teams when pursuing the green building practices. 
 
 
Fig. 1. Comparison of Means between Two Groups for Pre-Design Phase 
Table 1. Statistical Results for Pre-Design Phase 
Measurement Subcontractors General Contractors t-score  p-value 
N 20 20 -  
Q1. Participating in a design Charrette is time consuming and 
tedious 3.95 4.05 0.42 0.681 
Q2. Collaboration with design team, architects and project team 
leader (LEED AP) increases project time 4.10 3.35 2.26 0.0356* 
Q3. Negative perceptions attached towards additional fees incurred 
from requirement of hiring a LEED AP on project 3.75 3.70 0.134 0.895 
Q4. Properly educating and training the subcontractors about LEED 
requirements is not difficult 4.05 3.90 0.547 0.591 
Q5. Auditing of documentation creates fear of further incurred fees 4.35 4.30 0.188 0.853 
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4.2. Design Phase 
Fig. 2 compares the average values during the design phase for questions Q6~Q12 of the survey between the 
subcontractors and general contractors. The result indicates that those obtained from the subcontractors had different 
values to those obtained from the general contractors. Only a few questions, Q6, Q9, and Q12, resulted in similar 
values obtained from the general contractor’s survey results. A 95% confidence interval for the difference between 
mean values was constructed. The hypothesis to test whether (μ1) obtained from the subcontractors exceeds (μ2) 
obtained from the general contractors data are Ho: μ1-μ2=0 and Ha: μ1-μ2>0. Table 2 tabulates the statistical 
results for questions Q6~Q12 during the design phase. For the obtained values in Q6, Q9, and Q12 from the t-score 
and p-values, we accept the null hypothesis because there wasn’t an observed significance level or p-value less than 
α=0.05. Since all the other questions Q7, Q8, Q10, Q11 obtained a p-value less than α=0.05, we reject the null 
hypothesis for them and we have sufficient evidence to conclude that the mean difference is greater than zero for the 
questions. As for the rest of the questions, we have sufficient evidence to conclude that the mean difference is equal 
to zero or the mean values for both types of contractors are close enough to each other to suggest they are about the 
same. Q7 states that registering the project with USGBC is a rigorous process. Q8 states that the identification of 
specifications for LEED credits is unfavorable. Q10 states that green materials must be known by the designer and 
implemented to get the desired effects, requires a specialized LEED experienced designer. Q11 states that increased 
time/participation is required to understand the scope of the design intents. Based on the above differences between 
subcontractors and general contractors survey results for this phase, the design phase would be placed foremost as 
the most problematic phase with green building projects. 
 
 
Fig. 2. Comparison of Means between Two Groups for Design Phase 
Table 2. Statistical Results for Design Phase 
Measurement Subcontractors General Contractors t-score  p-value 
N 20 20 -  
Q6. Performing schematics including detailed design, design 
analysis and sustainable specifications is unfavorable due to the 
extra efforts and is required 
3.45 3.30 0.438 0.666 
Q7. Registering the project with USGBC is a complicated process 3.50 2.60 4.158 0.00053* 
Q8. Identification of specifications for credits, i.e., sustainable sites, 
indoor environmental quality is unfavorable 3.25 2.30 2.967 0.00791* 
Q9. Climate sensitive green materials require more speculation 
during design when compared to their counterparts 3.05 2.85 0.469 0.645 
Q10. Green materials must be known by the designer and 
implemented to get the desired effects, requires a specialized LEED 
experienced designer 
3.10 2.30 2.491 0.022* 
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Q11. Increased time/participation is required to understand the 
scope of the design intents 3.40 2.65 2.595 0.0178* 
Q12. Prior to design documents being submitted to GBCI, extensive 
work must be put forth to rectify potential problems in the plans 
before construction starts 
3.25 2.65 1.64 0.117 
4.3. Construction Phase 
Fig. 3 compares the average values during the construction phase questions Q13~Q22 between the two groups. 
The result indicates that those obtained from the subcontractors had similar values to those obtained from the 
general contractors. Only one question, Q14, resulted in a lower value obtained from the general contractor’s survey 
results. A 95% confidence interval for the difference between mean values was constructed. The hypothesis to test 
whether (μ1) obtained from the subcontractors exceeds (μ2) obtained from the general contractors data are Ho: μ1-
μ2=0 and Ha: μ1-μ2>0. Table 3 tabulates the statistical results for the questions for the construction phase. For all 
the obtained values from the t-score and p-values except for Q14, we accept the null hypothesis because there 
wasn’t an observed significance level or p-value less than α=0.05. Since Q14 obtained a p-value less than α=0.05, 
we reject the null hypothesis for that one and we have sufficient evidence to conclude that the mean difference is 
greater than zero for Q14. As for the rest of the questions, we have sufficient evidence to conclude that the mean 
difference is equal to zero or the mean values for both types of contractors are close enough to each other to suggest 
they are about the same. Q14 states that the construction phase results in increased project time resulting in greater 
risks of change orders and such activities. It is reasonable for there to be very few differences between the two 
groups during this phase of a project because they both work hand in hand with each other and they experience the 
same issues and perceptions during this phase. 
 
 
Fig. 3. Comparison of Means between Two Groups for Construction Phase 
Table 3. Statistical Results for Design Phase 
Measurement Subcontractors General Contractors t-score  p-value 
N 20 20 -  
Q13. Perceived additional risk of dealing with unknown innovations 3.80 3.55 0.893 0.383 
Q14. Increased project time resulting in more risks of change orders and such activities 4.05 3.45 3.269 0.004* 
Q15. More frequent construction inspections may be required to ensure that innovative 
and unique components are being installed within the intent of the design team which 
creates more frustration 
4.10 3.95 0.616 0.545 
Q16. The need for providing and maintaining good indoor air quality both during 
construction and operation is an integral part of green building 3.85 4.25 1.116 0.278 
Q17. The contractor on a green project will be required to test and balance MEP 
systems which requires more time 3.70 3.40 0.767 0.453 
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Q18. A significant amount of time will be required by the contractor and by the 
subcontractors to document the LEED certification process 3.25 3.85 1.788 0.0898 
Q19. Extensive change orders on green work would cause a need to recalculate the key 
LEED orders due to change in unit quantities 3.60 3.70 0.237 0.815 
Q20. The contractor will be required to submit training plans to the CxA for review 
and comment requiring more time 3.40 3.70 0.9002 0.3793 
Q21. Restricts the equipment and materials they can buy, maybe more expensive than 
conventional equipment 3.20 3.70 1.5607 0.1351 
Q22. Extra efforts to collect, store and submit documentation 3.60 3.65 0.125 0.902 
4.4. Post-Occupancy Phase 
Table 4 tabulates the statistical results for the post-occupancy phase questions Q23 and Q24. The average values 
during the post-occupancy phase are calculated for the questions between two groups. The result indicates that those 
obtained from the subcontractors had similar values to those obtained from the general contractors. A 95% 
confidence interval for the difference between mean values was constructed. The hypothesis to test whether (μ1) 
obtained from the subcontractors exceeds (μ2) obtained from the general contractors data are Ho: μ1-μ2=0 and Ha: 
μ1-μ2>0. For all the obtained values from the t-score and p-values, we accept the null hypothesis because there 
wasn’t an observed significance level or p-value less than α=0.05. We have sufficient evidence to conclude that the 
mean difference is equal to zero or the mean values for both types of contractors are close enough to each other to 
suggest they are about the same. 
Table 4. Statistical Results for Post-Occupancy Phase 
Measurement Subcontractors General Contractors t-score  p-value 
N 20 20 -  
Q23. Specific green housekeeping training should be performed prior to 
occupancy as well as training for the specific equipment to be used 
during the construction phase 
3.00 2.80 0.515 0.612 
Q24. As a project nears the end, the contractor is tasked with providing 
new owner training which is time consuming 3.50 2.85 1.488 0.153 
4.5. Future Trends 
Table 5 tabulates the statistical results for the future trend questions, Q26~Q28 using the average values from 
both groups. The result indicates that those obtained from the subcontractors had similar values to those obtained 
from the general contractors. A 95% confidence interval for the difference between mean values was constructed. 
The hypothesis to test whether (μ1) obtained from the subcontractors exceeds (μ2) obtained from the general 
contractors data are Ho: μ1-μ2=0 and Ha: μ1-μ2>0. For all the obtained values from the t-score and p-values, we 
accept the null hypothesis because there wasn’t an observed significance level or p-value less than α=0.05. We have 
sufficient evidence to conclude that the mean difference is equal to zero or the mean values for both types of 
contractors are close enough to each other to suggest they are about the same. 
Table 5. Statistical Results for Future Trends 
Measurement Subcontractors General Contractors t-score  p-value 
N 20 20 -  
Q26. Do you agree that it is essential for there to be a green building 
delivery method? 4.45 4.15 1.189 0.249 
Q27. The green building delivery method must be implemented in the 
near future regardless of the extra efforts that must be put forth to learn 
it 
4.45 4.50 0.195 0.847 
Q28. Would you consider taking on a green building project in the 
future considering the previous issues stated above? 4.50 4.75 1.561 0.135 
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5. Conclusions 
This paper presented a comparison study that revealed that for the majority of the questionnaire in the survey, 
there was no significant difference between the issues revealed from the two types of contractors. What this means 
is that if the issues presented were to be addressed in the future, then most of the negative perceptions from both 
types of contractors towards green building can be remedied. Given the obtained results, the amount of time 
difference of green building experience between the two types of contractors doesn’t affect the results of the 
importance that should be inhibited to the project. The phase that presented the greatest differences between the two 
types of contractors was the design phase. This is reasonable due to the fact that during this phase of a green 
building project, general contractors are usually more involved than the subcontractors which represent the 
differences in mean value scores and low p-value scores between two groups. The pre-design and construction phase 
each presented a difference in one question which still makes it negligible although it is quite possible that if more 
questions were added to each of those two phases, more differences would have arisen. The pre-design phase would 
be expected to present more differences than the construction phase because general contractors are more involved 
in that phase when compared to subcontractors. The post-occupancy phase had no differences between the means of 
both types of contractors so it is a negligible phase for future researchers. The future trends section also had no 
differences in the means between the two contractor groups which suggest that they both share the same common 
interests in pursuing future green building projects if their issues were to be addressed and resolved. This paper can 
serve as a stepping stone on the perceptions of the general contractors and the subcontractors when future research 
can be built off on the results presented here so that the green building delivery method is more acceptable for them 
to cure the misconceptions towards green building projects. More research should be conducted to further identify 
which exact issues under the problematic phases of a construction project in order to make green building projects 
more desirable to the two types of contractors. 
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